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Collagen phagocytosis is a multistep, integrin-dependent process involving the initial recognition and binding of collagen fibrils by the ␣ 2 ␤ 1 -integrin (6, 36) and the subsequent engulfment of fibrils by plasma membrane extensions (8, 40) . For efficient engulfment, actin filament length and branching are actively modified to facilitate extension of the plasma membrane around collagen fibers. Based on their ability to sever actin filaments and promote actin assembly at free barbed ends, Ca 2ϩ -dependent actin-binding proteins are likely involved in enhancing extension of lamellipodia (12) that are essential for collagen phagocytosis (40) .
We previously (7) identified gelsolin as a critical actinbinding protein in the ␣ 2 ␤ 1 -integrin-mediated collagen phagocytosis pathway. Gelsolin has been extensively characterized in studies of cell motility and phagocytosis (34, 56, 59) and is a multifunctional, six-subunit, Ca 2ϩ -activated actin-severing protein that caps the barbed ends of actin filaments (35) . On release by phosphoinositides, actin assembly occurs at free barbed ends (35) . Our previous work (5) showed that the Ca 2ϩ -dependent actin-severing activity of gelsolin facilitates the collagen-binding step of collagen phagocytosis.
Previous studies have shown that CsA blocks Ca 2ϩ release from endoplasmic reticulum (ER) stores (9) by inhibiting conductance of the mitochondrial inner membrane pore (4) that is involved in ER Ca 2ϩ regulation. Because increased free intracellular Ca 2ϩ is an important determinant of the severing activity of gelsolin (30) , we assessed the impact of CsA on gelsolin function in collagen phagocytosis. The data indicate that disruption of gelsolin's severing activity in fibroblasts may contribute to the matrix overgrowth following CsA treatment.
MATERIALS AND METHODS
Reagents. Latex (2-m diameter) beads were purchased from Polysciences (Warrington, PA). Antibodies to ␤-actin (clone AC-15) and to bovine type I collagen (clone COL-1), as well as fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse antibody, tetramethylrhodamine B isothiocyanate-phalloidin, and CsA were from Sigma-Aldrich (St. Louis, MO). FITC-goat anti-rabbit and anti-mouse ␣ 2␤1-integrin antibodies were purchased from Cedarlane (Hornby, ON, Canada). The affinity-purified polyclonal antibody to recombinant gelsolin was described previously (10) .
Animal and histological studies. Wild-type and background-matched gelsolin-null (Gsn Ϫ ) mice (58) (6 -8 wk of age) were given daily intraperitoneal injections of 40 mg/kg of CsA in saline or saline alone (41, 53) . Six male mice were used in each experimental group and were killed after 4 wk of treatment. Mandibles and maxillae were prepared for histology and stained with picrosirius red for collagen. The gingival connective tissue lamina propria of the molar regions were analyzed by computer-assisted morphometry as described previously (41) . All animal studies were conducted according to animal care protocols reviewed and approved by the Animal Care Committee of the University of Toronto.
Cells. Fibroblasts were obtained from either wild-type or Gsn Ϫ 12-day mouse fetuses as described previously (58) . Genotyping by polymerase chain reaction of tail snips was done to confirm deletion of gelsolin. The fibroblastic identity of the cells was verified by staining for vimentin and collagen as well as the absence of desmin. Cells were grown at 37°C and were used at passage 4. Flow cytometry. Unfixed cells were stained for surface ␣ 2␤1-integrins and assessed by flow cytometry as described previously (36) . Nonspecific staining was estimated from samples incubated with an irrelevant isotype control, and these fluorescence channel numbers were subtracted from samples.
Collagen bead binding. Collagen-coated latex beads (2 m) were applied to microbiological (i.e., non-tissue culture plastic) dishes and attached as described previously (6) . The number of beads plated per dish was adjusted to produce specific bead-to-cell ratios. Detached cells were removed by repeated washes. Attached cells spread and rapidly internalized the collagen beads (8) . To evaluate collagen bead internalization, FITC-collagen-coated beads were incubated with cells for timed incubation periods. Internalization was stopped by cooling on ice. Fluorescence from extracellular beads was quenched by Trypan blue, whereas internalized beads retained their bead-associated fluorescence (8) . In some experiments, because the severing activity of gelsolin enhances collagen bead binding (7), we expressed bead internalization data as the percentage of beads internalized, thereby normalizing for the reduced numbers of beads bound to Gsn 
cells.
Actin monomer incorporation. In permeabilized cells incubated with rhodamine actin monomers we measured increases of rhodamine fluorescence due to incorporation into nascent actin filaments (10, 16, 28, 29) . Cells were permeabilized with octyl glucoside. Freshly sedimented rhodamine actin monomer was added to the samples, followed by fixation with formaldehyde. Rhodamine fluorescence in single cells was quantified by microscope fluorimetry. For estimation of background correction, detergent treatments were omitted, fluorescence was quantified, and this background signal was subtracted from experimental samples.
Immunofluorescence and confocal microscopy. Cells plated on beads were allowed to spread and bind to collagen beads for 15 min. Cells were fixed, permeabilized, stained with polyclonal gelsolin antibody and FITC-tagged second antibody, and imaged by confocal microscopy.
Collagen bead-associated proteins. Collagen-or BSA-coated magnetic beads (Spherotech) were attached to non-tissue culture plastic dishes. Cell suspensions were allowed to attach to beads for 20 min. Detached, floating cells were aspirated and replaced with medium warmed to 37°C to synchronize phagocytosis. Cells and collagencoated magnetic beads were collected by scraping into ice-cold extraction buffer containing protease inhibitors. Beads were pelleted with a side-pull magnet. Isolated beads were resuspended, sonicated, and centrifuged to remove unbroken cells. After clarification, equal amounts of proteins were incubated with antibodies to gelsolin or ␤-actin to form immunocomplexes that were captured on Sepharose-G beads. The samples were boiled, separated on SDS-PAGE gels, and immunoblotted.
Collagen degradation. Glass coverslips were coated with FITCcollagen, followed by incubation with cell suspensions. Areas of depletion of the FITC-collagen signal from the glass coverslip were measured by morphometry and used as an indication of collagen uptake by cells. To restrict measurements of collagen to a narrow zone above the glass slide, images were captured with total internal reflection fluorescence (TIRF) microscopy, a method that generates fluorescence excitation within a narrow zone (100 -150 nm) above the coverslip. Only fluorescent collagen at or below the ventral cell surface was imaged.
Calcium. Cells on glass coverslips were incubated with fura-2 AM as described previously (9) and then with collagen beads. TIRF imaging was performed in regions of interest near the collagen beads or in non-bead-associated parts of the cell so that submembrane intracellular Ca 2ϩ concentration ([Ca 2ϩ ]i) could be estimated in the vicinity of these beads as we described previously (57) . Cells were analyzed with alternating excitation wavelengths of 340 and 380 nm and an emission wavelength of 520 nm. Fluorescence intensities from bead and nonbead regions of interest were plotted as fold increase from baseline level.
Transfections. Gsn Ϫ cells were transfected with a DsRed2-tagged wild-type gelsolin expression vector or gelsolin-severing double mutant in the G1 and G2 domains (RLK-210-AAA/AAA-100-DDD) as described previously (5 Severing assays. Gelsolin severing of actin filaments was measured as described previously (3). Briefly, rhodamine-phalloidin was added to actin filaments, and the rate of fluorescence loss at 570 nm was measured fluorimetrically. Reduction of fluorescence is caused by the ability of gelsolin to sever actin and displace phalloidin after the addition of CaCl 2. Dialyzed cell lysates from wild-type and Gsn Ϫ cells treated with either saline or CsA (10 M) were prepared with detergent plus protease inhibitors. Severing assays were performed with equivalent amounts of protein from cell lysates. Controls included lysates prepared from ionomycin (2 M) in calcium buffer and ionomycin in 1 mM EGTA-treated cells.
Gelsolin:actin complex fractionation. To examine whether CsA influences the relative abundance of gelsolin:actin complexes, we quantified gelsolin that was associated with actin in pellets prepared by ultracentrifugation. Cells treated with saline or CsA (10 M) were collected and suspended in a nondetergent buffer (in mM: 1 EGTA, 2 Tris, pH 7.4, 0.2 ATP, 0.2 MgCl 2, 0.2 dithiothreitol, 2 phenylmethylsulfonyl fluoride) containing 1 M phalloidin to stabilize actin filaments. Freshly prepared cell lysates were pipetted several times with a narrow-gauge pipette tip and ultracentrifuged (100,000 g for 1 h at 4°C). The pellet contained gelsolin complexed with actin filaments, and this pellet was resuspended in buffer (in mM: 1 MgCl 2, 0.1 CaCl2, 0.2 ATP, 1 NaHCO3, and 1 NaN3, with 0.1 M KCl). Protein concentrations in the fractions were equalibrated, separated by SDS-PAGE, and immunoblotted for detection of actin and gelsolin.
Statistical analyses. For continuous variables, means and SE were computed. Differences between groups were evaluated by Student's unpaired t-test or analysis of variance for multiple comparisons. Statistical significance was set at P Ͻ 0.05. Post hoc comparisons were performed with Tukey's test. For all experiments, at least three independent experiments were evaluated, each performed in triplicate.
RESULTS

CsA-induced collagen accumulation.
Compared with vehicle control-treated wild-type mice, the areas of gingival connective tissues of vehicle control-treated Gsn Ϫ mice and CsAtreated wild-type and Gsn Ϫ mice were apparently enlarged (Fig. 1A) . Morphometric assessment of picrosirius red-stained tissue showed ϳ60% greater amounts of collagen in these same groups of mice compared with vehicle-treated wild-type mice (P Ͻ 0.05; Fig. 1B ), but there were no differences of collagen-stained tissue areas between vehicle control-treated Gsn Ϫ mice and CsA-treated wild-type and Gsn Ϫ mice. We characterized the effect of CsA on collagen phagocytosis by determining whether CsA treatment affects surface expression levels of collagen receptors. Cells were treated with CsA (10 M) or vehicle for 30 min, immunostained for ␣ 2 -and ␤ 1 -integrins, and analyzed by flow cytometry. There was no statistically significant difference in the surface expression of ␣ 2 ␤ 1 -integrins between control and CsA-treated cells (data are mean background-corrected fluorescence channel numbers from 3 separate experiments: control ϭ 1.61 Ϯ 0.04, CsA ϭ 1.50 Ϯ 0.05; P Ͼ 0.05).
CsA inhibits collagen phagocytosis of cultured fibroblasts in a dose-dependent manner (9), but it is not known whether CsA affects the binding or the internalization steps of collagen phagocytosis. A time-course study was performed with FITCcollagen-coated beads (bead-to-cell ratio ϭ 8:1). Collagen internalization was confirmed by Trypan blue quenching of the fluorescence of external beads. Surface-bound beads exhibited fluorescence quenching with Trypan blue. The numbers of collagen beads bound per cell were significantly greater in the control group compared with the CsA-treated group at 15-90 min ( Fig. 1Ci ; P Ͻ 0.05). To examine the effect of CsA on collagen internalization, the number of internalized beads was calculated as a percentage of bound beads, thereby adjusting for the lower numbers of beads that bound to CsA-treated cells. For this analysis there was no difference between the control and CsA treatments at any of the time points (P Ͼ 0.2; Fig.  1Cii ), indicating that CsA did not affect the collagen internalization step of phagocytosis once beads were bound. Collagencoated beads that were incubated with CsA overnight and washed with PBS before a 90-min time-course study of incubation with cells showed no reduction in binding compared with vehicle-treated collagen-coated beads (data not shown), indicating that CsA did not inhibit collagen binding because of a direct effect of CsA on collagen itself. We also examined the effect of CsA on the binding and internalization of beads that were coated with BSA (Fig. 1C, iii and iv) . In these experiments, there were no differences in binding or internalization between CsA and control vehicle for any of the time points and, as expected, binding and internalization of BSA-coated beads were only a small fraction of those for collagen-coated beads.
Actin monomer addition. Because actin assembly is required for collagen phagocytosis (21), we examined the effect of CsA on de novo actin incorporation into filaments at the collagen bead-cell interface (30 min after incubation of collagen beads with cells). We examined cells with beads on the cell surface that had not become internalized as demonstrated by Trypan blue quenching (Fig. 1Civ) . Although controls and CsA-treated cells exhibited similar cytoplasmic staining intensity for actin filaments (Fig. 2A, c and f) , CsA-treated cells showed greatly reduced fluorescence intensity of actin filaments and reduced de novo actin incorporation around collagen beads compared with vehicle-treated controls ( Fig. 2A, a and d) . Quantification of rhodamine fluorescence around collagen beads showed no increase between 2 and 30 min in the CsA-treated samples (P Ͼ 0.2) compared with vehicle-treated controls, which exhibited greater than twofold increases between 2 and 15 min after incubation (P Ͻ 0.02; Fig. 2B ). Furthermore, rhodamine actin fluorescence was more than twofold lower in the CsAtreated cells than in the controls. BSA-coated beads showed no accumulation of rhodamine actin fluorescence in either CsA-or vehicle-treated cells (data not shown). As a control to determine whether rhodamine actin monomers were preferentially added at the barbed ends of actin filaments, we preincubated Gelsolin recruitment. By confocal microscopy to examine fluorescence of bead-associated proteins, there was abundant enrichment of gelsolin subjacent to collagen beads 15 min after incubation in vehicle-treated cells; this recruitment was absent in the CsA-treated group (Fig. 3Ai) . Because inhibition of gelsolin recruitment, and, as a result, actin severing, could affect actin filament length and actin assembly near collagen bead binding sites, we incubated equal numbers of collagencoated magnetite beads with control or CsA-treated cells. Subsequently, the beads were removed from the cell surface and bead-associated proteins were immunoblotted. There were marked reductions in the amount of gelsolin and ␤-actin that associated with collagen beads after CsA treatment, but the bead-associated amounts of ␣ 2 -and ␤ 1 -integrin were not detectably different (Fig. 3Aii) .
Collagen degradation. Collagen degradation at the cell-collagen interface was evaluated by TIRF microscopy of FITC-collagen-coated coverslips. ] i as measured in single fura-2-loaded cells occurred ϳ3 min after collagen bead incubation in vehicle controls (Fig. 4A) , while no obvious increases of signal were evident during the first 5 min in cells treated with CsA (Fig. 4B) . Quantification of TIRF images from five different cells showed a 52% increase of fluorescence intensity of control-treated samples compared with a 10% increase for CsA-treated samples at 3 min after incubation. In cells incubated with BSA beads that visually showed attachment to these beads, we found no change in [Ca 2ϩ ] i in vehicle-treated cells (Fig. 4C ) or in cells treated with CsA (data not shown).
Gelsolin-severing activities. Cell lysates were prepared from wild-type or Gsn Ϫ fibroblasts previously treated with vehicle or CsA and then incubated with collagen beads to stimulate (or not, as is the case with CsA) calcium entry (9) . Gsn Ϫ cells with or without CsA treatment showed ϳ40% of the actin filament-severing activity of control-treated wildtype cells. CsA almost completely abolished the severing activity of wild-type cells (Fig. 5A) . Because CsA reduced the severing activity of gelsolin, we determined whether CsA treatment would mediate an increase in the relative abundance of the gelsolin:actin complexes. Immunoblots showed that in cells treated with CsA there was relatively more gelsolin:actin complex compared with controls (Fig. 5A) .
To characterize the impact of CsA on gelsolin's severing and capping activities separately we generated double mutations of putative F-actin side binding residues in gelsolin domains G1 (AAA-100-DDD) and G2 (RLK-210-AAA) that cause reduced actin-severing activity as described previously (5). The wildtype or severing mutant constructs were transfected into Gsn fibroblasts, treated with control or 10 M CsA, incubated with FITC-collagen-coated beads, and followed in a time-course phagocytosis experiment. Cells transfected with the gelsolin wild-type construct exhibited reductions in collagen binding but not collagen internalization after CsA treatment ( Fig. 5Bi ; P Ͻ 0.05 at t ϭ 90 min). When cells transfected with severing mutant constructs were compared, CsA had no impact on collagen binding or internalization (Fig. 5Bii) .
After collagen-receptor association, PI(4,5)P 2 binds to gelsolin and promotes uncapping of gelsolin from actin fila ment and subsequent collagen internalization (5) . To study the collagen internalization step of collagen phagocytosis, we utilized a cell-permeant peptide (PBP-10: rhodamine B-QR-LFQVKGRR) to disrupt the gelsolin-PI(4,5)P 2 interactions by mimicking the PI(4,5)P 2 binding site of gelsolin. Wild-type cells pretreated for 10 min with 30 M PBP-10 or the control peptide, 10 M QRL, showed no difference in collagen binding, and, as anticipated, the percentage of internalized beads with PBP-10 treatment was significantly less ( Fig. 5Ci ; P Ͻ 0.01 at t ϭ 90 min). When we included 10 M CsA in the PBP-10 or the control peptide regimen, there was no further reduction in collagen binding or internalization (Fig. 5Cii ) compared with the QRL or the PBP-10 peptide.
DISCUSSION
CsA is a widely used immunosuppressant that downregulates IL-2 expression and T-cell activation (14) through calcineurin (51) . Currently the mechanisms by which CsA blocks extracellular matrix remodeling through the collagen phagocytic pathway are not defined. Collagen phagocytosis is a critical mechanism for extracellular matrix homeostasis (22) and is facilitated by the actin-severing protein gelsolin (5, 7). Impaired collagen phagocytosis by CsA is thought to contribute to collagen accumulation in gingival connective tissues leading to gingival overgrowth and loss of function (39) . With a short-term in vivo model of CsA-induced overgrowth (32) and a well-characterized collagen bead phagocytosis model (5-8), we examined one mechanism by which CsA may interfere with collagen remodeling. Our principal finding is that CsA inhibits the initial binding step of collagen phagocytosis by preventing the recruitment and actin filament-severing activity of gelsolin, in part through disruption of calcium signaling at the collagen-receptor interface.
Collagen phagocytosis. Previous studies of CsA-induced gingival overgrowth showed disturbances in collagen turnover (18, 25) . Although there is a potential role for increased collagen production in gingival overgrowth (26), we focused on the intracellular collagen degradation pathway by fibroblasts since this pathway is impaired in vivo (31, 32, 44) . Collagen phagocytosis involves extension of fibroblast lamellipodia that engulf collagen fibrils (40) , a process that requires extensive remodeling of the actin cytoskeleton. Actin remodeling and assembly at the leading edge require actin-severing proteins such as gelsolin, cofilin, and twinfilin (23, 42) . The reduced but still measurable severing activity of Gsn Ϫ cells is almost certainly attributable to some of these other severing proteins, and in this context there is abundant cofilin in fibroblasts that can organize actin filaments (60) . We studied the role of gelsolin in mediating the effect of CsA on collagen phagocytosis because disruption of the intracellular calcium signaling system by CsA could potentially affect the calciumdependent severing activity of gelsolin. The area of collagen accumulation in the gingival connective tissue of CsA-treated wild-type mice was similar to that of vehicle-treated Gsn Ϫ animals, indicating that CsA treatment is phenocopied by the absence of gelsolin in altering collagen turnover. Accordingly, we considered that gelsolin may be an important target in CsA-induced disruption of collagen homeostasis.
Collagen phagocytosis is a multistep process that begins with collagen binding and is followed by internalization and intracellular degradation of collagen in phagolysosomes (22) . Ϫ mice, and vehicle-treated Gsn Ϫ mice showed ϳ60% more collagen area than controls (P Ͻ 0.02). Data (mean Ϯ SE) were computed from 6 mice in each experimental group. C: Fluorescein isothiocyanate (FITC)-collagen-coated beads were loaded onto a monolayer culture of fibroblasts treated with vehicle (control) or 10 M CsA at a bead-to-cell ratio of 8:1 at 37°C for indicated time points. Bead binding (i) and internalization (ii) were determined by microscopy. The number of beads bound per cell was significantly lower in the CsA-treated group (P Ͻ 0.01 for all time points). There were no differences in % of internalized beads between control and CsA-treated groups (P Ͼ 0.05). iii and iv: BSA beads incubated with cells by the approaches described in i and ii. The effectiveness of the collagen-binding step is dependent in part on cell surface expression levels of ␣ 2 ␤ 1 -integrins (36) . Although there are wide, cell type-dependent variations of surface expression levels of ␣ 2 -and ␤ 1 -integrins after CsA treatment (13, 31, 49) , we found that short-term CsA treatment did not affect surface expression levels of ␣ 2 -or ␤ 1 -integrins but specifically inhibited the collagen-binding step (9) .
Cytoskeletal remodeling. Actin assembly is required for phagocytosis in fibroblasts (21, 33) and in professional phagocytes such as macrophages (2) . Regulation of local actin polymerization at the collagen binding site is critical for plasma membrane extension during phagocytosis (1, 37) . Previous work has shown that gelsolin is important in IgGdependent phagocytosis by neutrophils (52) and in collagen phagocytosis by fibroblasts (7) . Our present data show that CsA affects actin filament assembly by inhibiting de novo actin monomer addition at the collagen binding site. Blocked actin assembly at collagen binding sites can impair the mobility and clustering of integrin surface receptors (7), a process that is required for full receptor activity (15) .
Actin monomer addition at barbed ends is an important process for lamellipodial extension (46) . Creation of new barbed ends is mediated by actin-severing proteins such as cofilin or gelsolin (24) . Gelsolin is recruited to collagen binding sites, which is followed by actin filament severing and later by uncapping of barbed ends (7, 8) . Gelsolin recruitment and localized activation at bead sites are therefore important for efficient actin assembly and for the activity of actin nucleators such as the Arp2/3 complex in platelets and fibroblasts (23) . We found that gelsolin recruitment to collagen binding sites and subsequent collagen internalization were impaired by CsA. Since gelsolin's severing activity is regulated by calcium and because CsA treatment can disrupt intracellular calcium signaling (9), we determined whether alterations in calcium signaling can account in part for the lack of gelsolin recruitment and activity. We found reduced calcium flux around collagencoated beads after CsA treatment, consistent with a lack of gelsolin activation and also with the ability of CsA to block gelsolin's severing activity. Our previous data (9) showed that collagen-induced increases of whole cell free [Ca 2ϩ ] i are also inhibited by CsA. The basis for the ability of CsA to block the in vitro severing activity of gelsolin as measured here (3) is likely the ability of CsA to block collagen-induced calcium entry (9) , which was modeled here by pretreatment of cells with collagen beads before production of cell lysates. Notably, the data from Fig. 5A indicate that Gsn Ϫ cells retain 40% of the severing activity of wild-type cells, probably reflecting the presence of other actin-severing proteins such as cofilin. In contrast to Gsn Ϫ cells, the almost complete loss of actinsevering activity in CsA-treated wild-type cells suggests that CsA may affect other actin-related functions that are not dependent on gelsolin. Indeed, the actin-dependent extensions of invadopodia are strongly inhibited by CsA, and this inhibition is thought to be mediated by dynamin through the calcineurin pathway (11) .
We previously (5) dissected the dual functions of gelsolin in collagen phagocytosis, using mutagenesis techniques to examine the role of isolated gelsolin domains and their impact on actin severing and uncapping. Gelsolin is a six-domain actinbinding protein. The actin-severing properties are attributable in part to domains 1 and 2. A PI(4,5)P 2 -regulated binding site in domain 2 mediates uncapping of gelsolin from the actin barbed end, thereby enabling filament growth. Disruption of the structure of actin-severing domains in gelsolin reduces collagen binding but not capping, whereas interfering with PI(4,5)P 2 regulation inhibits collagen internalization (5). We found that CsA did not further inhibit gelsolin-mediated collagen internalization if cells were previously incubated with PIP 2 binding peptides that mimic the phosphoinositide binding region of gelsolin (17) . However, CsA did substantially reduce actin severing by gelsolin. Collectively, these data implicate Ϫ cells, CsA did not affect severing activity, which is ϳ40% of that in WT cells. Right: ultracentrifugation was used to prepare cell pellets, which were immunoblotted for gelsolin and ␤-actin. In CsA-treated WT cells, there was more gelsolin in the pellets, presumably complexed to actin filaments. B: Gsn Ϫ cells transfected with WT gelsolin construct (i) or actin-severing mutant AAA-100-DDD/RLK-210-AAA construct (ii) were treated with vehicle or CsA and incubated with FITC-collagen-coated beads. At each time point, extracellular fluorescence was quenched with 0.2% Trypan blue for 5 min to distinguish internalized beads from surface-bound beads. In contrast to WT gelsolin constructs, CsA had no effect on bead binding in the experimental group transfected with the actin-severing mutant construct. C: WT cells incubated with rhodamine B-labeled PBP-10 or control peptide QRL for 10 min after vehicle (i) or CsA (ii) treatment. PBP-10 inhibited collagen internalization, but CsA had no further effect. Bead binding was quantified by fluorescence microscopy. Data (means Ϯ SE) were computed from 3 independent experiments. Beads were only counted in positively transfected cells.
gelsolin and its actin-severing activity as important CsA targets of the binding step of collagen phagocytosis.
